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Intellectual Property Rights and 
Scientific Advance
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Public and Private Agricultural Research
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Table 10—U.S. corn seed market shares

Share of seed sales by
Year leading four companies

Percent
1950’s @ÿ50
1973 60
1980 60
1991 @ÿ65
1997 69

Sources: Duvick (1998); Hayenga; Butler and Marion.

Table 11—U.S. soybean area market shares

Share of area planted
Public- Private- Leading
sector sector four private

Year Unknown varieties varieties companies

Percent

1980 22 70 8 7
1997 

estimated1 n.a. 10-30 70-90 37-47

n.a. = Not available.
1Smaller figure for public sector (and larger figure for private sec-

tor) assumes planted areas are roughly proportional to seed sales.
Larger figure for public sector (and smaller figure for private sector)
assumes most farmer-saved seed is from public-sector varieties.
About 25 percent of soybean seed in 1997 was estimated to be
farmer-saved.

Sources: Hayenga; Butler and Marion.

Table 12—U.S. cotton seed market shares

Share of seed sales
Public- Small Leading
sector private private

Year varieties companies company

Percent

1970-74 29 42 29
1975-79 37 25 38
1980-84 28 25 47
1985-89 18 20 62
1990-94 12 6 821

1997 @ÿ7 @ÿ21 721

1998 @ÿ7 @ÿ22 711

1Many earlier estimates for 1997 and 1998 assumed Monsanto
was the owner of Delta & Pineland, Stoneville, and several smaller
cotton seed companies. Monsanto did own Stoneville, but never
completed the purchase of Delta & Pineland, which was called off at
the end of 1999. Furthermore, Monsanto has divested itself of
Stoneville. The 1997 and 1998 figures now give the market share of
Delta & Pineland alone. It is also likely that the 1990-94 figure
should be reduced somewhat, but the raw data allowing disaggrega-
tion are less readily accessible.

Sources: USDA, Agricultural Marketing Service, as reported by
Traxler (personal communication); Hayenga.
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Table 13—U.S. wheat area market shares

Share of area planted
Public- Private- Leading

Variety/ sector sector four private
year Unknown varieties varieties companies

Percent

Hard Red 
Winter Wheat:
1981 36 58 6 n.a.
1997 n.a 85 15 n.a.

Hard Red 
Spring Wheat:
1981 37 57 7 n.a.
1997 n.a. 85 15 n.a.

Soft Red 
Winter Wheat:
1981 37 63 0 n.a.
1997 n.a. 35 65 n.a.

n.a. = Not available.
Sources: Sears; Butler and Marion.
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Apomixis in plant breeding

Parental
inbred
lines

Hybrid plant

Sexual 
reproduction

Apomixis

High-yielding
crop

Apomixis

Hybrid plants are more vigorous and produce higher yields than their parents. Sexual
reproduction creates variability among the progeny, resulting in lower crop yields. Apomixis
will allow the fixation of hybrid vigor and the immediate production of a cultivar starting with
any exceptional individual plant. (Courtesy of S. Lolle, Harvard University)

Seed Technology

Apomixis
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Regulator

Elements of TPS (activated)

Technology Protection System

One basic element of the TPS is a gene that codes for a toxin (several different plant-produced 
toxins are possible), which works in combination with a LEA (Late Embryo Active) promoter. The 
promoter is separated from the toxin gene by a DNA spacer; as long as the spacer is present, the 
toxin gene will not produce the toxin protein. A second element is a site-specific recombinase gene, 
which, when activated, will code for a recombinase enzyme that will cut the DNA spacer and allow 
the LEA promoter to cause the toxin gene to work.  A third element is a recombinase repressor 
gene, which is sensitive to a regulator molecule. When the recombinase repressor gene is active, it 
will not allow the recombinase gene to activate. When the regulator (in the TPS patent, this is an 
antibiotic) is introduced, the recombinase repressor gene will become inactive; the site-specific 
recombinase gene will code for the recombinase enzyme, which will, in turn, cut the DNA spacer; 
and the LEA promoter will be activated. Since the promoter is a "late" promoter, it will be active only 
at seed maturity, at which time it will produce the toxin that will kill the embryo in the seed, which as 
a result will not be able to germinate (Jefferson et al.; Crouch).

LEA promoter
(active at seed maturity) Toxin gene

Site-specific
recombinase gene

Recombinase repressor
gene (sensitive to

regulator molecule)

LEA promoter
(active at seed maturity) DNA spacer

Toxin gene

Site-specific
recombinase gene

Recombinase repressor
gene (sensitive to

regulator molecule)

Elements of TPS (dormant)

Seed Technology

The Technology Protection System (“Terminator”)
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